We present the first experimental demonstration of the "optimal" and "universal" quantum entangling process involving qubits encoded in the polarization ( − → π ) of single photons. The structure of the "quantum entangling machine" consists of the quantum injected optical parametric amplifier by which the contextual realization of the 1 → 2 universal quantum cloning and of the universal NOT (U-NOT) gate has also been achieved.
The two distinctive features of quantum kinematics are the quantum superposition principle and the quantum entanglement. Among many consequences of the statistical character of quantum kinematics, a complete determination of the unknown state of a quantum system can be attained only when a complete measurement (i.e. the measurement of the quorum of observables) is performed on an infinite ensemble of identically prepared quantum objects.
The measurement on a finite ensemble results in an imperfect reconstruction of the quantum state [1] .
If we consider the physical world to be represented by states of quantum objects then it is obvious that the quantum information (QI) processing is fundamentally different from any processing on a classical level. One of the main differences is that, in general, given just one physical object carrying a specific quantum information this one cannot be determined. In addition many operations on individual quantum objects prepared in unknown quantum states cannot be performed perfectly. A renowned example of such a constraint is the impossibility of cloning (copying) an unknown quantum state |Ψ [2] , i.e. a universal machine realizing exactly the transformation |Ψ |0 → |Ψ |Ψ , being |0 a known state of the copier, cannot exist. On the other hand an approximate, i.e. optimal, universal quantum cloning machine has been theoretically proposed [3] and experimentally realized [4, 5] .
Another relevant example of an impossible task is the "flipping" of unknown qubits [6, 7] , i.e. the realization of a universal NOT-gate operation |Ψ → |Ψ ⊥ being: Ψ|Ψ ⊥ = 0.
The impossibility of flipping an unknown qubit has several interesting consequences. For instance, it has been shown that encoding information about unknown spatial spin orientation into parallel and antiparallel pairs of qubits is different. Specifically, more information is contained in the antiparallel spins. This purely quantum mechanical (QM) effect is due to the entanglement that appears in the process of optimal measurement. However, in spite of this constraint an optimal universal NOT gate has indeed been proposed [6] and realized [8] .
To pursue at a deeper level this most significant quantum-classical endeavor consider here the central role of state-entanglement in quantum mechanics. As it is well known this fundamental physical condition, pervasive of the entire QI domain, is the key ingredient of all quantum nonlocality tests involving either Bell inequalities or Hardy's "ladder proofs" [9, 10] . Furthermore, it lies at the core of important QI protocols as quantum teleportation, dense coding, etc. Following the above reasonings, one may ask then again whether it is possible to realize exactly the map |Ψ |Φ → (|Ψ |Φ + |Φ |Ψ ) which implies the entanglement of two quantum systems initially prepared in two unknown states |Ψ and |Φ . Alternatively, the same question can be raised for the relevant map This question has been addressed in Ref. [11] where it is shown that again the perfect entangling transformation is generally impossible but, once again an approximate universal entangling machine can be designed. In addition and most interestingly, it can be shown that any optimal universal quantum entangler, i.e. the one maximizing the average fidelity of success, is realized within a combined, simultaneous realization of the optimal universal quantum cloning and of the optimal universal spin-flipping processes. In the present work we report the first experimental demonstration of the "optimal" and "universal" quantum entangling process within such a complex conceptual and experimental framework.
Let us assume that QI is encoded in the polarization ( − → π ) of single photons. The structure of the "quantum entangling machine" and, contextually, of the N = 1 to M = 2 universal quantum cloning machine and of the universal NOT (U-NOT) gate is the quantum injected optical parametric amplifier (QI-OPA) [5, 12] . The action of this rather complex machine can be described by the covariant transformation [3] :
where the first (unknown) state vector |Ψ in the left-hand side of the equation corresponds to the input, the second state vector describes the system on which the information will be copied ("blank" qubit), represented by the "cloning channel" (C), i.e. the injection mode Since the U-condition of the apparatus was already tested in previous experiments [4, 5] we limited ourselves to inject only one polarization state on the input mode k 1 , i.e. |Ψ in = |H = |1, 0 k 1 ⊗ |0, 0 k 2 where a † Ψ |0, 0 k 1 = |1, 0 k 1 and |m, n k 1 represents a product state with m photons of the mode k 1 having the polarization Ψ = H, and n photons having the polarization Ψ ⊥ = V . Assume the input mode k 2 to be in the vacuum state. The initial − → π -state evolves according the unitary operator U ≡ exp −i H int t :
The above linearization procedure representing the 1st-order approximation for the pure output state vector |Ψ out for t > 0, i.e. the restriction to the simplest 1 → 2 cloning case, is justified here by the small experimental value of the gain: g ≈ 0.1 [5] . The first term in the expression ∝ g in Eq. (2) 
This state was analyzed by the simultaneous excitation of the two detector pairs (a and b)
coupled respectively by the two − → π −analyzers P BS a and P BS b to the two output modes of the Beam Splitter (BS 1 ), and of the detector pair (2) associated to the polarizing beam splitter P BS 2 (Fig. 1) . The histogram shown in Fig. 2 reach the temporal superposition, we should observe an increase of the coincidence counts by a factor R = 2 for the position Z = 0 (Fig. 3) . Fitting the experimental data with a gaussian function, we estimate R = 1.68 ± 0.07. We note that the peak of Fig.3 does not arise as an amplification process since the component |H k2 is not amplified (see Ref. [12, 4] ), instead it must be interpreted as a consequence of the mode coalescence of two photons with orthogonal polarization.
In conclusion we have experimentally demonstrated that the universal NOT gate process lies at the basis of any universal entangling device. The experiment enlightens the significance of the transformation Eq.(2) that contextually implements, in a unifying manner, the universal NOT gate, the universal optimal quantum cloning and the universal quantum entangler. Indeed the optimality and the universality of the entangling process is found to arise as a consequence of the same properties characterizing the cloning and the spinflipping processes [13] . Finally note that the optimal quantum entangler here realized in a more general NL context by a Optical Parametric Amplifier can also be implemented by a linear state-symmetrization procedure involving the simultaneous realization of the optimal quantum processor by a general modified quantum teleportation scheme [14, 11] .
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